The uranium containing phosphatic shale sub surface samples collected from Bijawar (UO 2 ) 2+ adsorbed on silica and uranium oxide species (UO 2 ) were also identified. The study provided baseline information on the speciation of uranium in Bijawar region.
Introduction
Proterozoic Bijawar Basin exposed along the southeastern margin of the Bundelkhand massif is one of the main prospecting regions for uranium exploration of AMD [1] . The exploration programme in Bijawar region was suspended in 2016. The site contains high level of phosphate. Mobility of uranium in the environment is dependent on its speciation and physicochemical properties of the host environment which is affected by various geological, geochemical and hydrogeological aspects. Therefore, the speciation studies have profound implication in understanding the uranium retention processes. Selective spectroscopic, methods for the speciation of uranium is provided in Figure below .
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So far, there has been a lack of qualitative information on the redistribution of different oxidation states of uranium in the Bijawar region. The major analytic challenges in the speciation and spectroscopic characterization of uranium species in Bijawar region are 3 their low concentration and interference due to the heterogeneous elements in the complex rock matrix.
Previous studies conducted have focussed on the investigation of structural and major and trace element composition in the Bijawar and Paleoproterozoic phosphorites of the Sonrai basin by XRD, scanning electron microscopy (SEM) and inductively coupled plasma emission spectroscopy (ICP-AES), however no studies so far has been available on the oxidation state and speciation of uranium in this region [2] .
Fluorescence spectroscopy is a widespread tool for characterization of U(VI) species
where uranium is present either as uranyl (UO 2 ) 2+ or uranate (UO 6 ) 6-ion speciation due its high sensitivity, specificity, simplicity, ease of operation and quick response. Large amount of the literature has been available on the use of fluorescence spectroscopy for the speciation of uranium in abandoned uranium contaminated sites [3] .
In the present investigations, a comprehensive photoluminescence (PL) study along with lifetime decay by Time resolved photoluminescence (TRPL) has been carried out on the samples from Bijawar region to determine uranium oxidation states and the uranium moiety associated with these oxidation states. Time resolved fluorescence spectroscopy provides a powerful tool for identifying multiple species present in a system due to their different decay time span. An attempt has been made in the present study to analyze the oxidation state of uranium in the grab and subsurface samples using fluorescence spectroscopy. Our findings substantiate the suitability of TRPL in identifying the chemical valence state of uranium in low and medium concentration. The PL results are further corroborated with XRD and Raman spectroscopy.
GEOLOGY AND DESCRIPTION OF THE BIJAWAR REGION
The study area constituted Proterozoic Bijawar basin exposed along the southeastern margin of the Bundelkhand massif. Bijawar Group in M.P. covers part of the Chattarpur and Sagar districts between latitudes (24º 19´ 0"N and 24º 23´ 0"N) and longitudes (79º Table 1 summarises the geological coordinates, physical and chemical characteristics of the sample.
PH of the samples was in the range from 6.86 -7.24 indicating neutral nature of the soil matrix due to the association of H + and OH -ions with the ion complexes. The total organic content of the sample was in the range from 2.4% to 10%.
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The representative subsamples of 100 gm quantity from each of the lots were powdered (mesh size -60) and homogenized by coning and quartering. green emission under UV excitation. Hence there is probability of complexation of uranium ions with the cationic and anionic ligands or being adsorbed on silica. Density and particle size fractionation was therefore carried out using bromoform (ρ=2.89 g/cm 3 ) and methylene iodide (ρ=3.35 g/cm 3 ) separation to selectively concentrate uranium rich species. The bromolight portion of the samples consisting of quartz, mica and clay minerals were discarded and bromoheavy portion containing uranium species was selected for analysis. Phase purity and crystal structure of the samples were identified by X ray diffractometer using Cu Kα 1 radiation (1.5406 Å) fitted with a Nickel filter (Rigaku). XRD data was collected in θ-2θ mode from 20° to 70° with a step size of 0.02°.
Simulation of crystal structure based on measured XRD data was carried out using refinement software. Raman spectra were obtained using a Raman spectrometer with an excitation source of 785 nm with laser power of 1 mw with spectral resolution of 1 cm Decay time measurements were performed by using time correlated single photon counting technique. FAP to be the predominant phase in the XRD. (Fig. 1(a) (Figure 1(b) ). The structure was identified to be cubic and the lattice parameters observed were a= b=c=5.375Å [5] . asymmetric stretching is observed in the range from 950-970 cm -1 in all of the samples [6] .
Results and discussion
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The other bands appearing in the range of 2134 cm -1 corresponds to organic content while those corresponding to 1673 and 1674 are those of water molecules. Raman spectra of SH-9 exhibited bands due to haematite, PO 4 and CO 3 2-group and the results are discussed in our earlier report. SH-b exhibits the Raman spectra of the uraninite species similar to that observed by Stefaniak et al. [7] . The Raman spectra of SH-a in (Figure 2(b Photoluminescence studies 
Whole rock samples SH-15, SH-17 and SH-22.
The excitation spectrum of whole rock samples of SH-15, SH-17 and SH-22 sample is shown in Figure 3( [13] . Hence the emission can be monitored using any of these peaks.
Excitation peaks were observed at 262, 308, 351 and 377nm. The fluorescence spectra of SH-15, SH-17 and SH-22 shows unstructured luminescent blue green spectra without any vibronic progressions (Figure 3(b) ). The maximum of the bands is near 435 nm and two shoulders are identified at 416 nm and 465 nm. The absence of vibronic structure clearly indicates that the transition intensity is from electronic origin due to substantial electric dipole change during electronic excitation at the low symmetry site indicating the fact that the luminescence is from the uranate group. Similar spectra have been observed by Mohapatra et al. [14, 15] . This implies the stabilization of uranium as octahedral UO 6 6-group in the FAP matrix. The excitation spectra of the uranate ion is basically a charge transfer transition from orbital having mainly oxygen 2p character to orbitals having mainly uranium 5f orbitals while the emission spectra is a parity forbidden charge transfer transition 5f-t 1u vibronically allowed by coupling with the ungerade vibration mode of the UO 6 6-octahedron [16] . No correlation of the emission intensity with U 3 O 8 content was observed. Since no secondary uranium mineral was identified in XRD hence the presence of U(VI) is attributed to the replacement of Ca 2+ ions in FAP.
The life time decay studies performed on SH-15 is shown in Fig 4(a) . Upon 285 nm excitation the decay emission was observed at 434 nm corresponding to the peak emission observed in the fluorescence emission spectra. Similar emission spectra were also obtained for SH-17 and SH-22. The decay curves were fitted with a bi-exponential function using the equation
where A 1 and A 2 are pre-exponential factors and τ 1 and τ 2 stands for the lifetime of fast and slow decays. The relative fraction for the fast and slow decays is indicated in brackets. The observed effective lifetime τ for biexponential decays for SH-15, SH-17 and SH-22 was observed to be τ 1 = 1.05 µs (67%) and τ 2 = 11.25 µs (34%); τ 1 = 1.11 µs (74%), τ 2 =9.82 µs (26 %); τ 1 = 0.9 µs (77%), τ 2 = 10.4 µs (22%) respectively. Since no other species was being detected in PL, hence the presence of biexponential decay confirms the stabilization of UO 6 6-ion in two different coordination geometries. In the FAP matrix, due to the similar ionic radius of U 6+ (0.76 Å)
with Ca 2+ (1.06 Å), UO 6 6-ion can substitute either for Ca (I) in nine fold coordination the symmetry for which is C 3v . Next it can substitute for Ca(II) in sevenfold coordination in Cs symmetry. However U 4+ and U 6+ are most likely to be substituted in Ca (II) position [17] .
This implies that both the sites are likely host for uranium ion. UO 6 6-is a centrosymmetric group hence the electric dipole transition is otherwise forbidden due to higher symmetry.
This leads to long emission times for uranates, of the order of 100's of microseconds in different host materials, however the decay time observed in our case is relatively shorter [18] . This can be attributed to both the occupancy of uranium in noncentrosymmetric site and charge compensation mechanism. The difference in the charges between the (UO 6 ) 6- and Ca 2+ leads to multiple substitutions and vacancy creation at the subsequent sites for charge compensation. These structural defects act as quenching centers for luminescence which increases the nonradiative transition. Subsequently the PL radiative life time is reduced following the expression (1) …………. (1) Where  R and  NR are radiative and non radiative decay times. (Fig 3(c) ). XRD and Raman spectroscopy has revealed that (UO 2 ) 2+ ion is adsorbed on silica or chalcopyrite . 
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Conclusions
To summarise, by virtue of PL investigations the oxidation state and nature of uraniferous species of Bijawar region were effectively distinguished. Uranium was found to be present predominantly in the U(VI) oxidation state as uranate (UO 6 ) 6-ion as a substitute for Ca
2+
in FAP however the signature of U(VI) as UO 2 2+ ions adsorbed on silica or chalcopyrite and U(IV) signature due to UO 2 were also found to be present. The fluorescence decay time was measured to be in the range of nanoseconds to microseconds. While the present of uranium in hexavalent oxidation state reveal a primarily oxidizing atmosphere, the presence of U(IV) oxidation state reveal the possibilty of weathering of initial uraninite present in this region. This study aims to provide a spectral database of uranium species in Bijawar region.
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